The aim of the study was to evaluate the cephalometric differences and condylar asymmetry between patients with juvenile idiopathic arthritis (JIA) and normal control group. Sixty-two JIA patients with a latero-lateral cephalogram and orthopantomography, seeking for orthodontic therapy, and 62 normal matched subjects were comprised in the study. Cephalometric analysis was used for the evaluation of facial morphology while the method of Habets et al. (J Oral Rehabil 15(5): 465-471, 1988) was used to compare the condyles in orthopantomography. The significance of between-group differences was assessed using the Mann-Whitney test, as appropriate. The results showed a prevalence of the upper maxilla with hypomandibulia (class II), hyperdivergency with short vertical ramus posterior and posterior rotation of the mandible in JIA children (SNB, ANB, NSL/ML, Fh/ML, NL/ML, ArGo, ML P < 0.0001, ML/Oc P < 0.004, ArGo/GoGn P = 0.02, no difference for SNA). The condyles of the JIA group resulted highly asymmetric (P < 0.0001). The growth pattern of JIA patients resulted clearly different from normal subjects. This serious impairment of the cranial growth may be considered as an indicator of the need for early and continuous orthognatodonthic therapy during the entire period of development for all JIA patients, independently from temporomandibular joint signs or symptoms. To this end, it is important that rheumatologists and orthognathodontists set up a multidisciplinary treatment planned to control the side effects of a deranged growing pattern, to strictly avoid any orthodontic therapies that may worsen function and growth, and to promote treatments improving the physiology and biology of the cranial development.
Introduction
Juvenile idiopathic arthritis (JIA) is an autoimmune chronic inflammation of one or more joints, characterized by an onset before the age of 16 years, during childhood and/or adolescent development [1] . One of the affected joints is the temporomandibular joint (TMJ) that is a bilateral synovial joint with a high degree of movement, bilaterally coordinated, and influenced by cranial structure and occlusion especially during growing.
TMJ involvement by JIA is recognized only in the most severe JIA subtype classification. However, in their everyday clinical practice, rheumatologists know that the TMJ might be involved also in less severe JIA and likely in all affected children, even when symptoms or signs are not detectable with routine clinical examination nor diagnostic imaging. The TMJ involvement may become clear at a later stage of development, when the physiological morphology is now lost resulting in facial asymmetries and functional impairment, even in the absence of previous or actual pain or clinical signs.
The TMJ shows three special features: first, it is completely immature at birth. The functional reason for this characteristic is due to the fact that sucking is a vital reflex at birth and it is characterized by antero-posterior, linear shifts occurring at the occlusal plane level. For this reason, the joint is completely flat and immature. The entire development of the condyle and TMJ will occur during growing from 0 through 21st year of age. Second, as showed in previous studies, the condylar cartilage is not a primary growth center, as the growth plates of the long bones, but it is characterized by an adaptive type of growth as showed with histological studies [2] [3] [4] . The condylar cartilage acts as a secondary cartilage, with the aim to resist intermittent pressure and movements (chewing, swallowing, speaking) and to produce rapid growth during early life [3, 5] . The capability to adapt to functions, loads, cranial development, and vectors makes this a unique joint of its kind. Third, it is a bilateral joint with a high degree of movement and the condylar components (right and left) are part of a rigid structure, which is the mandible, highly influenced by functional movements. It results that the two sides are simultaneously involved during any type of displacement, both in a symmetrical or asymmetrical way depending on the considered movement.
In our previous study [1] , it has been clearly shown that the two condyles of children with JIA grow in a severely asymmetrical way with respect to the control group. This means that one of the two condyles, in these children, is growing faster than the contralateral. The inflammatory status of JIA that involves the TMJs might be responsible of the altered growth pattern of the condyles and mandible resulting in a highly unstable and asymmetrical cranial structure. The asymmetry might be due to the altered cranial growth pattern responsible of functional instability and to the fact that the illness mainly involves the joint subjected to the higher and unbalanced load.
It is known from previous cephalometric studies in normal children that the long face hyperdivergent cranial type with prevalent vertical growth and posterior rotation of the mandible is also frequently associated with asymmetrical cranial growth [6, 7] . More specifically, previous cephalometric studies in patients with JIA have claimed that these children are characterized by prevalence of superior maxilla (skeletal class II malocclusion) and long face with posterior rotation of the mandible [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Cephalometric analysis showed a wellpositioned maxilla (SNA near to normal values) and a retruded little mandible (SNB less than normal values). This combination leads to a hyperdivergent skeletal class II with hypomandibulia, posterior rotation of the mandible and augmentation of the anterior facial height (NSL/ML and Fh/ML more than normal).
Based on these considerations, we hypothesized that this type of cranial structure (hyperdivergent class II) might be the consequence of an insufficient growth in length of the vertical ramus of the mandible likely related to the inflammatory status of the TMJ responsible of the hyperdivergent cranial structure and, consequently, of the condylar asymmetry between sides. The aim of this study was the evaluation of the impaired cranial structure growth together with the condylar asymmetry of JIA patients compared to normal subjects.
Material and methods

Subjects
Sixty-two patients with JIA diagnosed according to the ILAR 2003 criteria (58 females 93.5%; 4 males (6.5%), mean age, 11.1 ± 3.8 years; Table 1 ), referred at the Department of Orthodontics of the University of Turin, University of Naples, University of Brescia and University of Milan, were included in this retrospective study. The treatment was assigned according to American College Rheumatology (ACR) recommendations [20] . Our patients were treated with non-steroidal anti-inflammatory drugs (NSAIDs) or corticosteroids according to juvenile idiopathic arthritis (JIA) subtype at the beginning of the disease. Patients who did not achieve clinical remission [21] were started treatment with methotrexate. A biological drug was associated with methotrexate in non-responders patients.
Inclusion criteria were (1) diagnosed JIA and rheumatologic treatment and (2) orthopantomography and lateral teleradiography.
Exclusion criteria were (1) any previous orthodontic treatment, (2) any maxillofacial surgery, (3) TMJ involvement, (4) history of maxillofacial trauma, and (5) genetic diseases, syndromes, or other congenital deformities.
Patients were referred to the Orthodontics divisions for routine orthodontic and dental screening.
Controls
Sixty-two subjects, age and sex matched with patients with class I occlusion without crossbite, were selected for the study. The inclusion criteria were (1) normal growth and development with no significant medical history, (2) bilateral molar class I with minor or no crowding. Exclusion criteria were (1) crossbite, (2) asymmetrical malocclusion, (3) functional deviation of the mandible, (4) history of maxillofacial trauma, (5) TMJ pathology, and (6) prosthodontic treatment and orthognathic surgery. The age and sex distributions in the two groups are shown in the Table 1 .
Cephalometric examination
The craniofacial structure was evaluated by cephalometric analysis of the latero-lateral teleradiography.
Tracings of craniofacial structures with angular and linear measurements were performed manually on acetate films on profile radiographs. Landmarks are reported in Fig. 1 .
Orthopantomographic examination
The method introduced by Habets et al. [22] was used to quantify asymmetries between the mandibular condyles and the rami. The outlines of the condyle and the ascending ramus of both sides were traced on acetate paper. On the tracing paper, a line (A, the ramus tangent) was drawn between the most lateral points of the condylar image (O1) and of the ascending ramus image (O2). A line perpendicular (B) to the ramus tangent was drawn from the most superior point of the condylar image. The vertical distance on the ramus tangent from B line to the most lateral point of the condyle (O1) was measured. This distance was called condylar height (CH). The distance on the ramus tangent between the two originally marked most lateral points of the image (O1 and O2) was called ramus height (RH) and measured (Fig. 1) . To express the symmetry between the condyles and the rami on the OPT image, the following formula |(R-L) /(R + L)|× 100% was used. The absolute value of the difference between the measured condylar or rami sizes of the right (R) and left (L) were divided by the sum of the same condylar or rami sizes and respectively expressed in percentages. This calculation allows individual differences in sizes and provides a value for (a) symmetry of each individual. The result of this ratio-formula gives a range of asymmetry from 0% (complete symmetry) to100%. According to the study by Habets et al. [22] , a 6% difference between the condylar vertical sizes in an OPT is an acceptable limit for diagnosing a condylar asymmetry.
Statistical analysis
Data were expressed as mean ± SD and interquartile range. The statistical distribution of the quantitative measures was found to be non-Gaussian (tested by the Shapiro-Wilk test) and the significance of between-group differences were assessed using the Mann-Whitney test. All the tests were two tailed and statistical significant level was set at 5%.
Results
Demographic characteristics, type of JIA, and dental occlusion are presented in Table 1 . As regards the type of JIA, 44 patients (70.96%) were diagnosed with oligoarticular type, 17 (27.41%) with polyarticular type, and 1 (1.61%) with other type of JIA. In the JIA group, class I dental malocclusion was observed in 28 females and in 3 males; class II dental malocclusion was observed in 17 females; class III dental malocclusion was observed in 3 females and 1 male while asymmetric dental malocclusion (Class II and Class III) was observed in 10 females. Furthermore, posterior crossbite was present in 51 subjects (79.03%)while no crossbite was present in 11 females. 
The lateral cephalometric values of the two groups and the statistical analysis are shown in Table 2 .
The following angular measurements, ANB, SNB, NSL/ ML, Fh/ML, and NL/ML, showed a high significant difference (P < 0.0001) as well as ML/Oc (P = 0.004) and ArGo/ GoGn(P = 0.02) comparing JIA patients with controls. As regards linear measurements, ArGo and ML also showed a high significant difference comparing the JIA group with controls (P < 0.0001). Any difference was found for SNA, NL/ Oc, NL/Fh.
As regards condylar asymmetry, the results showed a high significant difference in the range of asymmetry of the condyle, being the patient group highly asymmetrical (P < 0.0001). No differences were found in the range of asymmetry of the ramus between groups (P = 0.47).
Discussion
This retrospective study evaluated the cranial structure together with the condylar asymmetry of patients with JIA, compared with normal subjects. The results showed an important difference between JIA patients and control group for cephalometric angular and linear measurements (SNB, ANB, NSL/ ML, Fh/ML, NL/Oc, ArGo, ML, ArGo/GoGn, ML/Oc, and ArGo and ML (P < 0.0001). These findings are in agreement with the literature but the originality of this study is the evaluation in the same sample of the condylar asymmetry that resulted highly asymmetric in JIA patients (P < 0.0001). With respect to normal subjects, JIA patients present different cranial features that, together with the condylar asymmetry, lead us to consider that their growth pattern is clearly different from that of normal subjects.
Regarding the cranial structure, the most important result is the reduced value of ArGo (P < 0.0001). ArGo is a linear measurement that refers to the height of the vertical ramus of the mandible. Its shortness due to insufficient growth is involved in the hyperdivergent pattern growth of the skull, together with the backward rotation of the mandible (NSL/ML, FH/ML P < 0.0001). In fact, the value related to the hyperdivergency of the skull that is represented by the angle between the upper maxilla and the mandible seriously increased (hyperdivergent) in children with JIA (NL/ML P < 0.0001). Furthermore, the horizontal body of the mandible The values of ANB resulted higher (skeletal class II) in JIA patients versus the control group (P < 0.0001), in agreement with the literature. ANB is an angular measurement that refers to the skeletal classification on the sagittal plane; the results showed that the upper maxilla is prevalent with respect to the mandible in JIA patients. Interestingly, the increase of ANB is not due to a bigger growth of the upper maxilla (SNA not significant), but to a decrease of the mandibular growth (SNB P < 0.0001). The skeletal class II of JIA patients is due to a severe lack of growth of the mandible likely related to the inflammatory status of the joints and, consequently, to the vectorial unbalance of the mandibular functions and impaired muscular activation. (Fig. 2) .
Regarding the condyle, the percent difference between the right and left condylar height in orthopantomography resulted highly different from the control group, being the condyles of JIA children were much more asymmetric than those of normal children [1] .
The results of this study showed that the growth pattern of JIA patients is clearly different from normal subjects and that the cephalometric and condylar values are related to the illness and to each other. The growth of the skull is a complex phenomenon due to genetic and environmental factors. Any pathological event will not act on one bone or district only but it will determine the reaction and compensation of all the neighboring structures with the aim to preserve the best function. To this end, the dentoalveolar compensation happens in JIA children to preserve occlusion and function despite the illness effects. Cephalometric characteristics of JIA patients could be explained considering that the condylar contribution to the growth process is hindered by the inflammatory status and that the growth of both the vertical ramus and the horizontal body of the mandible is decreased, requiring a dentoalveolar compensation during dental eruption. This leads The altered vectors are due to the hyperdivergent cranial structure due to the insufficient growth of the vertical ramus of the mandible, as showed in this study. This is a critical cranial structure in non-JIA patients also; in JIA patients, the altered loads on the temporomandibular joint are worsen by the inflammatory status of the systemic illness. The aim of the multidisciplinary treatment in JIA patients should be the control of the TMJ loads and mandibular vectors (orthognathodontists) together with the control of the inflammatory status (rheumatologists). Teeth are not the final aim, but a means to improve the functional balance. Any traumatic and anti-physiologic dental therapy, in those patients during growing, must be avoided to prevent a worsening of functional vectors and TMJ loads to a typical hyperdivergent facial development with a serious backward rotation of the mandible, steep mandibular plane, decrease of the posterior facial height, and increase of the anterior one. The mandibular plane steepness together with the posterior mandibular rotation is due to the insufficient growth of the vertical ramus (ArGo) that resulted shorter with respect to the control group. This type of hyperdivergent craniofacial pattern of growth of JIA patients is related to the effects of the autoimmune disease leading to a hyperdivergent cranial structure that is highly unstable from a functional point of view and that is responsible for a progressive alteration of the neuromuscular coordination between sides. The force vector's alteration during chewing and swallowing changes and worsens the physiological development of facial bones.
But the results of this study also showed, in the same patients, a serious asymmetry of the height of the condyles between sides. It is intriguing to underline that the asymmetry of the condyles has been related to the hyperdivergency of the skull in previous studies of non-JIA subjects [6, 7] , as described in the introduction of this article. This can explain part of the condylar asymmetry of JIA patients which severity is likely due to the fact that the effects of the inflammatory processes are more evident on the side where the skeletal instability and the muscular imbalance of the hyperdivergent skull cause the hyperloading.
These serious and undeniable features may be considered as an indicator of the need of early and continuous orthognatodonthic therapy during the entire period of development of all JIA patients, independently of the presence of TMJ signs or symptoms. Identifying and diagnosing affected children at an early stage of development and at an early stage of the disease make it possible for an early orthognathodonthic therapy aimed not to the repositioning of teeth within the dental arches, but to improving the balance of masticatory function and growth of the condyles during the developmental stages. Teeth alone are not the final aim, but a means to improve the functional balance that is the basic aim of any therapy, especially important for JIA patients.
The limitation of this study could be related to the limited number of patients and matched controls. However, the high significance obtained for all the homogeneous measurements let us clearly conclude that JIA patients undergo a special type of cranial growth that should be known by both the rheumatologists and orthognathodontists in order to set up a multidisciplinary treatment plan from the onset of the illness to reduce and control the side effects of a deranged growing pattern. To this end, it is important to strictly avoid in these patients any orthodontic therapy worsening function and growth; any traumatic, mechanical, and anti-physiologic dental therapy, especially during growing, risks much more than in normal subjects, the worsening of functional vectors; and the enhancement and unbalance of TMJ loads which, in turn, will be further aggravated by the inflammatory status of JIA. The improvement of physiology and biology of the cranial development during orthognathodonthic therapy can readily be obtained when the treatment choice is based on gnathological, non-mechanical concepts as well as the appliances used [23] . The simultaneous control of the unlucky restarts of the illness by rheumatologists is, of course, of utmost importance to avoid irreversible bone defects.
The conclusion of this study is due to the significant differences between children with and without JIA. These results are consistent with the special adaptive type of growth of the temporomandibular joint that is very sensible to the inflammatory environment during growing [24, 25] . This favors a craniofacial morphology with functional vectors at risk for temporomandibular joint derangement. The simultaneous rheumatological and gnathological intervention is important to plan the best multidisciplinary treatment aimed to protect and improve both growth and function of the temporomandibular joint.
